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This  report  describes  the  'operational  demonstration 
and  evaluation*  cVthe  Ryan  Flexible  Wing  Precision  Drop 
_4 FDG.T'ln  Thailand  during  March-July  1963.  Thirtyjive 
drops  vere  made.- The  report- includes  conclusions  and  re¬ 
commendations,  and  a  summary  of  flight  operations  which 
are  intended  to  provide  assistance  in  development  of 
an  operational  vehicle. 
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PREFACE 


1.  The  operational  demonstration  of  the  Flexible  Wing  Precision 
Drop  Glider  (PDG)  was  conducted  in  Thailand  during  March-July  1963  by 
the  Joint  Thai-U.S.  Military  Research  and  Develonment  Center  (MRDC) 
in  conjunction  with  ’the  Ryan  Aeronautical  Company.  The  demonstration 
and  evaluation  was  conducted  under  an  Advanced  Research  Projects 
Agency  (ARPA)  contract  administered  by  the  U.S.  Army  Transportation 
Research  Command  (TRBCOM) , 

2.  The  Ryan  Aeronautical  Company  is  producing  a  detailed  report 
and  a  film  of  PDG  operations  in  Thailand. 

3.  The  cooperation  of  the  Civil  Aviation  Training  Center,  the 
Border  Police  Advisors  and  the  Police  Aerial  Reinforcement  Unit  at 

Hua  Hin  is  gratefully  acknowledged .  The  cooperation  of  CHJUSMAG  Thailand 
and  the  Royal  Thai  Air  Force  in  thlB  project  is  appreciated.  Particularly 
helpful  were  DEP  CHJUSMAG  and  the  Navy  and  Arrtiy  Sections  of  JUS MAG  in 
providing  much  needed  aircraft  support. 
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AUTHORITY 


This  demonstration  was  conducted  under  Project  Agile;  Sub  Project  III 
Remote  Area  Mobility  and  Logistics  System;  Requirement— Aerial  Delivery 
Systems;  Task — Flexwing  Development. 
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PURPOSE 

1.  The  purpose  of  conducting  tha  Flexwing  Precision  Drop  Glider  opera¬ 
tions  in  Thailand  was: 

a.  To  demonstrate  the  operational  concept  and  capability  of  the 
systom  to  the  Thai  Armed  Forces  and  Border  Police. 

b.  To  determine  the  requirements  for  an  operational  PDG  system 
in  remote  areas. 

c.  To  ascertain  the  environmental,  personnel,  training  and 
iiiainleuance  problems  of  operating  this  system  in  Thailand. 

d.  To  make  rncommendationa,  as  necessary,  to  solve  problems 
encountered. 

These  objectives  were  aeldevod, 

2.  Tn  certain  instances,  as  in  the  case  of  the  Floxwing,  where  operation 
of  the  item  undor  development  is  conducted  by  non-U. S.  forces,  development 
time  can  actually  bo  saved  by  conducting  a  limited  teat  program  in  the  country 
concerned.  It  is  considered  necessary  to  ascertain  the  various  environmental, 
operational  mid  training  problems  peculiar,  for  the  moot  part,  to  the  country 
involved  and  the  necessary  modifications  required  in  the  system  or  its  method 
of  operation  before  the  operational  version  is  porfocted. 
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V.  DESCRIPTION  OF  SYSTEM 

3.  The -Ryan  Fl@xvri.ng  Precision  Drop  CD  id  or  ( PDG)  is  a  radio-controlled 
aerial  delivery  system.  -X-t.  deployed  from  an  aircraft  and-has  the  capability 
of  delivering  a  300  lb  payload  to  a  designated  landing  zone  at  night  or  in 
all-weather  conditions.  The  system  consists  of  three  main  components s  a 
reinforced  cardboard  cargo  container,  an  aluminum  control  box,  and  a  folded 
inflatable  wing  housed  in  the  recessed  center  of  the  control  box.  In  a  packed, 

J  r  1  ,  <  *'  ‘ 

ready  for  flight  condition,  the  system  meaource  2 4"  x  32"  x  A8rt(and  weighs 

approximately  386  lb.  The  high  lift  capability  of  the  glider  wing  permits  a 

/  *  ‘ 

3.1  to  1  glide  ratio,  allowing  a  horizontal  offset  of  3.1  ft  for  every. ft1  of 
altitude.  This  permits  the  pilot  to  release  the  cargo  some  distance  away  from 
the  drop  zone,  avoiding  enemy  fire,  unfavorable  terrain,  and  disclosure  of  the 
position  of  friendly  forces  at  the  drop  zone  to  the  enemy.  Horizontal  offset 
can  bo  increased  or  decreased  depending  on  location  of  the  drop  aircraft  in 
relation  to  the  wind .  The  wing  Ivan  a  fixed  rate  of  descent  for  a  given  cargo 
weight  which  can  he  increased  by  stoop  tunw .  It  in  about  11  ft/sec  for  a 
300  lb  payload. 

h-  The  Precision  Drop  Glider  hnn  boon  dropped  from  a  variety  of  aircraft 

including  the  G-47,  Caribou,  1,-20,  11-34  and  HU-1 ,  The  unit  is  pushed  out  of 

\ 

the  aircraft,  usually,  but  not  necessarily,  on  rollers.  The  wing,  which  is 
packed  in  a  sleeve,  is  deployed  from  the  sleeve  by  static  line  extraction  and 
assumes  a  reefed  parachute  configuration.  This  1b  designed  to  slow  it  down 
and  reduce  opening  shock.  Only  six  1,000  lb  tent  lines  are  utilized  during 
the  parachute  configuration.  Approximately  one  and  one  half  sec  after  leaving 
the  aircraft,  the  air  bottle  located  in  the  aft  end  of  the  center  tube  is 
activated  and  the  right  and  left  leading  edge  and  center  tube  are  inflated  to 


The  delivery  sequence  of  the  Precision  Drop  Glider  System  is  shown  in  the 
above  series  of  drawings  picturing:  (l)  readiness  for  the  cargo  delivery, 
(2)  clearance  of  the  airplane  with  flexible  wing  stowed,  (3,4)  sleeve  and 
wing  emerging  from  pack  and  leaving  it,  (5)  the  fleodble  wing  opening  to  a 
parachute  configuration  and  inflating,  (6,7)  transition  from  parachute  to 
wing,  (8)  flexible  wing  inflated  and  in  predetermined  or  controlled  glide 
path,  and  (9)  landing  of  cargo  container  and  flexible  wing. 
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6-9  psi  forming  the  semi-rigid  supporting  structure  of  the  glider.  This  takee 
about  four  seconds.  A  reefing  cutter  then  fires,  freeing  the  19  reefed  lines 
and  allowing  the  wing  to  assume  a  glider  configuration.  The  wing  is  22  ft  long 
and  is  constructed  of  a  polyester-coated  dacron  material. 

5.  At  this  tim§,  the  ground  controller  at  the  drop  zone  can,  by  remote 
'radio  control,  either  manually  control  the  PDG  to  the  landing  point  by  employ¬ 
ing  right  and  left  turns,  or  he  can  select  automatic  homing.  In  the  latter 
case  the  wing  homac  on  the  transmitted  signal  from  the  ground  transmitter 
until  it  passes  overhead,  at  which  time  it  automatically  spirals  down  to  a 
landing  in  the  drop  zone.  Tt,  5a  designed  to  land  within  a  100  ft  radius  of 

a  ground  antenna  situated  in  a  300  ft  dla  clearing  surrounded  by  troes  150  ft 
high. 

6.  Tho  equipment  utilized  by  the  ground  controller  consists  of  a  light¬ 
weight  antenna,  transmitter-control  box  and  a  power  pack.  Total  weight  of 
this  equipment  is  about  10  lb.  Transmitter  range  is  about  25  miles,  line-of- 
aight.  It  presently  operates  on  133  megacycles,  but  can  be  designed  to  operate 
on  frequencies  compatible  with  field  radios. 
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CHRONOLOGY 

7.  On  1 1  March  1963,  a  group  of  five  Ryan  Aeronautical  Company  per¬ 
sonnel  and  a  TRECOM  representative  arrived  in  Bangkok  to  conduct  Flexwing 
Precision  Drop  Glider  demonstrations  under  an  ARPA  contract  administered  by 
TRECOM.  Thrso  complete  PDG  systems  (with  three  extra  wings)  and  associated 
ground  support  equipment  arrived  on  13  March  and  were  transported  by  Caribou 
aircraft  to  the  test  site  at  Hun  Hin  the  following  day.  Two  additional 
systems  arrived  from  tho  states  later  in  the  poriod.  The  Ryan  personnel 
arrived  at  Hua  Hin  on  16  March  and  commenced  unpacking  and  readying  the 
systems  for  flight.  Working  and  storage  sDaeo  at  Hua  Hin  airfield  were 
arranged  through  the  cooperation  of  the  Civil  Aviation  Training  Center. 

Border  Police  Advisor;,  a;xl  personnel  from  tho  Polico  Aerial  Roinf orcement 
Unit  Camp  at  Hua  Hin  wore  extremely  helpful  and  cooperative.  Coven  Thai 
personnel  worn  assigned  to  anoint,  in  tho  tests  and  receive  Instruction  in 
the  maintenance  and  operation  of  the  system,  Tho  group  consisted  of  two  RTN 
(electronics),  three  jfj'AF  (airframe  mechanics)  and  two  Border  Police  (parachute 
riggers),  the  latter  from  the  Police  Air  RoJ.nforcowonfc  Unit  ( PARU )  at  Hua  Hin. 
They  worked  vary  dl ll/ontlv  .’’.id  at  the  end  of  tho  program  they  wore  capable 

of  maintaining  and  operating  the  system  with  little  or  no  supervision.  Pack¬ 
ing,  check-off  lists,  and  rndntenauco  and  operating  instructions  were  trans¬ 
lated  into  the  Thai  language. 

8.  Flight  tests  commenced  on  37  March  at  a  PARU  drop  zone  three  miles 
north  of  Hua  Hin  Airport  on  the  Gulf  of  Thailand,  Aircraft  utilized  for 
Thailand  test3  were  limited  to  the  Caribou,  C-i.7,  and  11-3/* .  Seven  drops  wore 
made  at  this  location;  all  were  successful  except  one.  Whenever  another 
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aircraft  or  helicopter  could  be  obtained,  aerial  photoB  were  taken.  A  boat 
and  a  helicopter  were  standing  by  in  the  event  of  PDG  going  out  of  control 
and  coming  down  in  the  water.  This  was  not  too  likely  since  they  were  dropped 
over  land  and  the  winds  were  blowing  from  the  sea  during  this  period.  How¬ 
ever,  as  the  monsoon,  season  approachod,  the  gradual  shifting  of  the  winds 
to  the  southwest  made  it  advisable  to  move  to  a  new  drop  zone  three  miles 
south  of  Hua  Hin,  which  was  several  miles  from  the  water.  This  site  was  a 
rice  paddy  area  used  by  the  Border  Police  and  was  relatively  free  of  houses 
and  other  obstructions. 

9.  On  2?  April  a  demonatrati on  was  held  at  Hua  Hin  by  the  Police  Air 
Reinforcement  Unit  to  celebrate  the  anniversary  of  their  camp.  The  Flexwlrig 
PDG  participited  in  the  flight  demonstration  and  also  in  a  static  demonstra¬ 
tion  at  the  camp.  Thousands  of  people  attended,  including  many  dignitaries 
from  Bangkok.  Much  interest  was  nhown  in  the  Flexwing. 

10.  Operational  drops  were  commenced  on  9  May  at  Huai  Gat  Yai  which  is 
a  jungle  training  camp  used  by  the  PARU  unit  and  located  30  miles  west  of 
Hun  Hin  near  the  J3iu'mn  border,  TAHU  trainees  would  parachute  into  the  camp, 
remain  about,  seven  montha  and  walk  out,  taking  three  days.  It  has  a  400  ft 
dirt  3trip  ouitable  at,  present,  only  for  helicopter  landings.  Tills  site,  in 
the  heart  of  heavily  forested  mountains,  was  an  excellent  one  for  demonstrating 
the  operational  and  environmental  problems  that  might  be  encountered  in  PDG 
operation.  On  the  first  series  of  drops,  one  PDG  malfunctioned  and  went  down 
in  heavy  jungle  a  mile  away  from  the  camp.  After  positively  locating  it,  its 
position  was  shown  to  PARU  personnel  and  Karen  Tribesmen  from  the  helicopter. 

It  took  them  three  days  to  find  and  retrieve  it  on  the  ground.  They  were 
briefed  beforehand  on  how  to  deflate  the  wing  and  dismantle  the  system.  They 
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Members  of  CDTC-T  at  the 
Flexwing  Tests  at  Hua  Hin, 

uphill  1  JSrH  T ♦  a  e•^  -- 

a  i nij.  xoiiu  »  v  w 

Col.  Skill  Kuxaragse,  Col. 

Ina  Karnjenapimai,  Commodore 
Prasong  Pibulsonggram. 
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Bight.  Mr.  Robert  Gibson  of  - >  •  :r7  ' ;»•  / 

Ryan  Aero  Company,  ex-  -•  '  .'1;' •‘‘"’S : 

plaining  Flexwing  opera¬ 
tion  to  Commandant  of  Royal  Thai  Marine  Corps,  Prince  Galavamadis 
Diskul,  Vice  Admiral  at  demonstration  at  Sattahip,  Thailand. 
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Air  Vice  Marshal  Kanob  Suriya  ar.d  Wing  Coamander  Chalao  Sattrulee  attended 
Flexwing  decnnstration  at  Hua  Hin,  Thailand. 
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returned  the  unit  in  excellent  condition.  This  particular  wing  wae  painted 
an  olive  drab  color  and  was  extremely  difficult  to  see  against  the  jungle 
background.  Another  similarly  colored  PDG,  out  of  control  due  to  ground 
transmitter  failure,  wont  into  the  jungle  a  week  later  in  the  same  vicinity, 
and  although  it  was  seen  entering  the  jungle  canopy,  no  trace  of  it  waB  ever 
found  again  either  by  air  or  intensive  ground  search.  By  contrast,  one  wing 
which  was  painted  with  a  bright,  white  design,  stood  out  quite  clearly  against 
the  Jungle.  J>.  was  decided  to  suspend  operations  in  the  heavy  jungle  area 
until  reliability  could  be  improved,  rather  than  risk  losing  another  PDG. 

This  operation  vividly  pointed  out  the  need  for  a  means  of  locating  air 
dropped  objects  in  the  jungle.  Lightweight  transmitters  or  other  devices 
inside  the  cargo  container  mipjit  be  considered,  but  at  least  the  wing  and 
container  should  he  painted  a  high  visibility  color  for  ease  of  detection. 
Boll  very  of  100  kgm  sacks  of  rice,  into  Bat  Yni  by  PfXl  demonstrated  the  need 
for  packaging  the  cargo  into  man-portable  loads  and  aloo  the  need  for  quick 
release  fittings  on  the  cargo  containers .  The  cardboard  cargo  containers 
were  found  to  be  lightweight  and  aturdy  and  many  were  used  several  times. 

11.  The  next  eight  drops  were  held  at  the  BAKU  drop  zone  south  of  Hua 
Hin.  Two  of  these,  which  were  dropped  at  9,000  ft  from  a  0-47  deployed  into 
good  glider  wings  but  were  uncontrollable.  Although  they  were  dropped  well 
upwind  to  the  southwest,  the  high  winds  carried  them  several  miles  over  and 
past  the  drop  zone  just  off  .shore  into  the  Gulf  of  Thailand  where  they  were 
retrieved  rapidly  by  fishing  boats.  There  was  no  salt  water  damage  t.o  one 
system  since  it  floated  on  the  cargo  container;  the  other  PDG  sank  but  salt 
water  damage  was  limited  to  corrosion  of  the  servo  relays  and  the  receiver. 


Side  view  of  Flexwine  Precision  Drop  Glider  in  flight  over  Thailand 


Moment,  of  icpsc' 
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12.  On  27  June,  two  demonstration  drops  were  made  at  the  Thai  Naval  Base 
at  Sattahip  for  the  Royal  Thai  Marine  Corps  and  members  of  the  Royal  Thai 
Navy.  The  rifle  range  was  used  for  the  drop  zone  as  the  surrounding  area 
was  clear  of  buildings  and  obstructions .  Admiral  Diskul,  Commandant  of 
the  Thai  Marine  Corps,  expressed  a  keen  interest  in  the  operation  and  capabili" 
ties  of  the  Flexwing.  This  demonstration  was  followed  by  two  drops  for  the 
Special  Forces  personnel  at  Lopburi  the  next  weak.  The  last  six  Flexwing 
operations  were  held  at  Mua  Min  concentrating  primarily  on  Thai  controller 
training.  The  equipment,  was  packed  ut>  on  30  July  and  the  Ryan  personnel 
departed  by  air  for  the  U.S.  on  31  July.  Completion  of  training  certificates 
were  awarded  to  participating  Thai  enlisted  personnel  by  Major  General 
Singchai,  Director,  MR  IXJ  on  3'  July.  Of  the  35  PDG  drops  in  Thailand,  11 
were  failures,  5  partially  successful  and  19  successful.  Partial  ouccesses 
are  defined  an  those  which  had  minor  malfunctions  but  still  landed  within  the 
drop  zone.  A  summary  of  flight  operations  is  included  at  the  conclusion  of 
this  report. 
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DISCUSSION 

13.  Early  in  the  propram,  it  became  apparent,  that  the  main  cause  of 
malfunction  in  the  PDG  was  line  entanglement.  Entanglement  is  caused  try  the 
line  coming  free  during  the  parachute  mode  and  wrapping  around  the  wing, 
causing  distortion  of  the  wing  when  it  deploys  into  the  glider  configuration. 
Tho  linec  canning  the  problem  are  those  lines  not  used  in  the  parachute  mode. 
They  are  at owed  on  the  wing  gussets  under  restraining  bands  until  needed  for 
the  glider  configuration.  Twisting  and  flexing  of  the  wing  during  deployment 
free  this  excess  lino  prematurely,  allowing  it  to  flail  around  in  the  airstronm 
and  wrap  around  the  wing.  The  risers  were  also  coming  free  prematurely  and 

1 oo3(5  lino  twisting  around  the  heavy  metal  riser  fittings  caused  additional 
entanglement  problems.  A  field  fix  wan  attempted  to  restrain  the  risers  but 
it  was  only  partially  successful. 

14.  IAn<  breakage  vmn  another  problem  encountered,  fix  1,000  lb  tent 
liuon  avu  used  in  the  parachute  mode.  These  must  absorb  the  opening  shock 
which  is  approximately  10  (}*a.  IV.uiuromonta  should  bo  mad'  of  the  normal 
opining  load  on  each  lino  to  determine  whether  breakage  is  caused  by  uneven 
distribution  of  the  load  or  .insufficient  1  inn  strength.  If  any  lines  are 
truigil  ed  as  the  pa rachute  form  deploys,  the  opening  load  will  definitely  be 
distributed  unevenly  and  probably  will  result  .in  linn  breakage. 

15.  Demonstration  of  homing  war,  not  required  under  the  contract;  however, 
the  how  big  mode  was  nct.unt  d  on  many  occasions,  and  in  several  instances 
worked  quite  well.  One  result  noted  after  switching  to  the  homing  mode  was 

a  violent  turn  from  which  the  I’DG  would  not  recover  until  control  was  returned 


to  manual. 


This  picture  shows  a  Flexwing  with  entangled  riser  lines.  This  had  the 
effect  of  reefing  the  forward  lines,  causing  a  slight  distortion  of  the 
glider  wing.  This  wing  aaa  controllable  tut  had  a  higher  sink  rate  and 
a  faster  forward  speed  than  the  normal  wing. 


I 


This  photo  chov/G  the  excellent  condition  of  wing,  control 
and  cargo  box  after  a  normal  flight. 
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16.  On  30  July,  the  Flexwing  drop  from  Hua  Hin  was  instrumented  to 
record  the  control  signal  Applied  to  the  servo  motors.  Tone  isolators  control¬ 
led  by  the  right  and  left  control  signals  were  recorded  on  tape  and  analyzed. 
These  were  compared  with  the  control  signals  actually  sent  from  the  ground. 
Because  of  the  failure  in  this  flight,  only  120  sec  of  recording  were  available. 
The  following  information  has  been  deduced  from  the  recordings: 

a.  During  most  of  the  flight  the  manual  left  and  right  control 
seemed  to  be  correctly  applied  to  the  servo  motors.  The  time 
required  to  go  from  the  left  stop  to  the  right  stop  and  vice 
versa  was  about  7  sec.  During  the  15  sec  period  when  the 
homing  signal  was  transmitted,  the  recorded  signals  indicated 
that  the  servo  motors  were  driven,  in  this  case,  to  the  left 
homing  stops.  Although  the  Flexwing  was  circling  at  a  rate  of 
about,  one  revolution  every  two  sec  there  was  no  further  control 
signal  applied  to  the  servo  motors  during  that  15  sec  period. 

b.  It  is  possible  that  one  of  two  things  happened  during  the  homing 
stage  of  this  particular  flight.  Because  of  the  failure  of  the 
Flexwing  to  perform  normally,  it  is  possible  that  the  time  constant 
in  the  control  circuit  did  not  permit  response  during  the  rela¬ 
tively  rapid  circling  Action,  It  is  also  possible  that  because 

of  faulty  logic  wiring  the  control  system  locked,  preventing 
further  control  by  the  homing  signal.  Experiments  which  were 
performed  on  the  last  test  flight,  even  though  performed  on  a 
defective  wing,  still  indicated  that  relatively  simple  instru¬ 
mentation  of  the  Flexwing  would  be  useful  as  a  source  of  prelimi¬ 
nary  data  prior  to  more  sophisticated  instrumentation. 
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c.  A  prepram  for  development  of  a  more  satisfactory  homing  system 
5 e  now  underway  in  CONUS ,  Data  obtained  from  an  e>ftenaive 
communications  project  (SEACORK),  presently  in  propress  in 
Thailand,  will  be  made  available  to  insure  that  the  electronic 
environment  of  this  area  is  considered  in  its  design. 

17.  With  the  arrival  of  tho  rainy  season  at  Hua  Hin,  it  became  increas¬ 
ingly  difficult  to  keep  up  maintenance  on  the  Plexwi ng  systems.  The  bonding 
cement  used  had  an  extremely  short  shelf  life  and  had  to  be  kept  refrigerated. 
Bonded  areas  would  take  a  long  time  to  set  and  would  not  hold  properly  in  the 
high  humidity.  A  3table  r/uick  drying  cement  is  needed  that  requires  no  special 
handling  or  storage.  Severn!  wings  became  unuseabio  during  this  period  due 
to  bonding  problems. 

ill.  On  the  Inst  drop,  a  55  gal,  fuel  drum  wne  used  as  cargo.  It  was 
ballasted  with  sand  to  a  weight  of  200  lbs.  Although  this  IDG  suffered 
entanglement,  no  unusual  launch  or  flight,  characteristics  were  noted  with  this 
particular  payload .  Tt  is  suggested  that  only  full  drums  bo  used  in  actual 
drops  to  preclude  center  of  gravity  shift  and  possible  severe  oscillation. 

19.  In  manual  ojmrntion  of  the  glider,  it.  w.ut  observed  that  controlling 
the  T'!)Q  to  a  |x»Jnt  directly  overhead  and  then  commanding  the  maximum  left  or 
right  turn  resulted  in  the  simplest  and  most  accurate  method  of  bringing  the 
PDO  into  the  drop  zone.  It  calls  for  less  skill  on  the  part  of  the  operator 
reducing  the  controller  training  time,  and  has  the  advantage  of  decreasing 
the  time  in  the  air  of  the  POO.  This  reduces  the  time  it  can  bo  observed  or 
fired  upon  by  the  enemy.  This  is  caused  by  the  increase  in  rate  of  descent 
duo  to  the  steep  turn.  In  addition,  tho  lower  panel  of  the  glidor  wing 
collapses  in  a  prolonged  steep  turn,  further  dec. easing  lift  and  increasing 
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the  rate  of  descent.  When  the  PDG  is  about  100-2(30  ft  from  the  ground, 
application  of  opposite  turn  command  will  cause  the  panel  to  "pop  out" 
reducing  the  rate  of  descent  to  allow  the  cargo  to  touchdown  normally.  Thai 
controllers  undergoing  training  proved  quite  adept  at  controlling.  Experience 
with  them  indicated  that  controller  training  of  local  forces  would  not  be  a 
major  problem. 

20.  Discussions  were  held  with  many  of  the  thousands  of  people  who  wit¬ 
nessed  Flaxwing  demonstrations  in  Thailand.  The  general  feeling  was  best 
expressed  by  Border  Patrol  Police  Advisors.  They  felt  there  was  a  need  for 
the  PDG,  provided  reliability  could  be  improved  and  the  homing  system  made 
to  work  properly.  One  or  two  key  drops  could  well  pay  for  the  cost  of  the 
system.  It  would  not  replace  the  mass  parachute  drop  due  to  cost  and  com¬ 
plexity,  although  multiple  drops  would  be  possible  in  the  homing  mode.  It 
would  bo  moot  profitably  employed  in  situations  where  terrain,  weather, 
enemy  fire  or  darkness  made  parachute  delivoiy.  hazardous  or  uneconomical, 
and  in  drop  areas  like  ridges,  where  inaccuracy  results  in  irretrievable 
losses.  Resupply  of  friendly  patrols  in  the  jungle,  without  giving  away  their 
location  to  the  enemy,  is  n  typical  case  where  the  offset  capability  of  the 
system  could  be  put  to  good  use, 

21 .  Consideration  was  given  to  use  of  an  airborne  transmitter  to  command- 
control  the  PDG  to  a  landing  from  tho  drop  aircraft.  Technically  this  is 
quite  simple.  The  difficulty  lies  in  the  ability  of  the  airborne  controller 
to  judge  the  height  of  the  PDG  from  the  ground.  It  might  be  worthwhile  in 
certain  isolated  instances,  but  a  reduction  in  drop  accuracy  must  be  expected. 
Also,  of  course,  homing  would  not  be  useable. 


22.  Methods  of  delivering  the  ground  transir.it ter  equipment  to  the  ground 
unit  were  considered.  It  arrears  that  patrols  and  other  units  requiring 
resucply  could  carry  the  additional  ter.  pounds  of  equipment.  Spare  batteries 
could  be  dropped  to  then  as  a  resupply  item.  Recent  history  in  insurgency 
shows  that  to  be  effective  in  the  .iunrle  a  unit,  must  remain  in  it  for  a 
considerable  period  of  tine.  This  is  in.-cssible  to  do  unless  the  unit's 
members  arc-  resupplied  by  air  because  they  si-nly  cannot  earn'  enough  supplies 
on  their  backs  for  the  period  required.  Patrol  effectiveness  in  Malaya  against 
the  ccmnunist  terrorists,  for  example,  was  greatly  increased  when  resupply 

by  air  becas-e  prevalent. 

23.  Patrols  in  the  /mingle  car  lying  the  PDG  ground  transrdtter  equipment 
could  schedule  their  resupply  points  by  radio  and  could  be  assured  that  their 
location  would  net  be  given  away  to  the  ener.y  because  of  drop  aircraft  noise. 
With  normal  parachute  resunply  the  insurgents  hear  the  aircraft  at  low  altitude 
and  know  that  a  patrol  is  somewhere  close  by.  With  the  PPG,  the  drop  aircraft 
could  come  within  six  miles  of  the  drop  point  at  10,000  feet  altitude  for 
release  of  the  FIX}  (in  the  heminr  mode),  with  little  chance  of  personnel  on 
the  ground  detecting  it . 

24.  Other  methods  of  delivering  PX  ground  transmitting  equipment  include 
normal  parachute  deliver;/  and  free  fall  in  a  strong  shock-absorbing  container. 
But  these  are  alternate  means ;  the  primary’  method  should  be  that  of  requiring 
the  resupplied  unit  to  take  it  with  them.  It  appears  that  the  normal  method 
of  use  for  the  PX  would  be  in  the  homing  mode,  unless  it  was  desired  to  land 
the  PX  in  an  area  distant  from  the  transmitter  v£ich  was  visible  to  the 


ground  controller 


*.  Gibson  controlling  PI?G  at  Huai  Sat  Yai.  Observing  are  Kr.  Poderevrski  of 
ran  A eixj  Cccip-any  and  Hr.  Toe  Fossmire,  Border  Police  advisor. 


Operational  drop  at  Huai  Sat  Yai  near  Burma  border.  Note  rugged  terrain 
also  how  the  contrasting  colors  of  this  particular  Flexwing  stand  out. 


Operational  drop  at  Huai  Sat  Yai,  a  400-foot  dirt  strip  in  the  heart  of  the 
mountains  by  the  Burma  border,  30  miles  west  of  Hua  Hin,  Thailand. 
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25.  A  film  of  Flexwing  Flight  Operations  in  Thailand  will  be  made  showing 
all  aspects  of  operations  in  Thailand.  The  Ryan  Aeronautical  Company  ie  pro¬ 
ducing  a  detailed  report  of  operations  in  this  country,  including  a  film. 

The  Ryan  personnel  did  an  excellent  job  in  Thailand,  under  conditions  that 
were  often  very  trying. 
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CONCLUSIONS 

26.  The  conclusions  reached  as  a  result  of  PDG  evaluation  and  demonstra¬ 
tion  fli$its  in  Thailand  are  as  follows: 

a.  There  is  a  need  for  an  operational  version  of  the  Flexvdng 
Precision  Drop  Glider,  but  reliability  must  be  improved  to 
at,  least  90  percent,  and  automatic  homing  must  operate  satis¬ 
factorily. 

b.  Utilization  of  the  PDG  would  be  in  the  form  of  a  specialized 
aerial  delivery  vehicle  for  high  priority  items  under  condition;) 
which  make  no ruul  parachute  delivery  impractical,  i.e,,  enengr 
fire,  high  winds,  night,  or  overcast  cloud  renditions,  hazardous 
terrain,  etc.  The  anticipated  expense  of  the  PDG  precludes  its 
uso  in  mans  drops  except  In  highly  unusual  circumstances. 

c.  Relatively  unskilled  forces  can  learn  to  operate  mid  maintain 
the  PDG  with  norma''  t  uni  tin  ,loi.  and  on  thm  ,)ob  training, 

d.  The  present  cargo  capacity  of  the  fix;  1m  satisfactory.  The 
unit  can  be  manhandled  by  several  i.wii.  Any  increase  would 
i-oou.lt  in  handling  problems  requiring  special  equipment. 

e.  It  will  bo  necessary  to  utilize  some  navigation  aid  such  as  a 
portable  lightweight  radio  beacon  at  the  drop  zone  to  enable  tho 
drop  aircraft  to  locate  it  at  night  or  in  overcast  conditions. 
Several  such  beacon,  ,  compatible  with  present  aircraft  radios 
and  navigation  equipment  have  been  lonted  by  ODTC-V,  A  receiver 
in  the  aircraft  to  pick  up  the  PDG  ground  transmitter  signal 
might  also  be  utilized. 
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f.  Bonding  cement  presently  in  use  is  unsatis factory.  It  requires 
too  much  special  handling  and  too  much  drying  timel 
£.  Ruggedness  of  vdng  construction  and  ease  of  maintenance  of 
control  box  components  must  be  improved  for  operational  use. 
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RECCMMKN RATIONS 

27.  It  is  recommended  thnt  the  development  program  he  continued  on  the 
Precision  Prop  Glider  with  the  following  considerations  in  mind: 

a,  Redesign  line  and  riser  stowage.  Lines  and  risers  coming  free 
and  flailing  around  during  the  parachute  mode  caused  entanglement, 
which  resulted  in  distortion  of  the  wing  or  loss  of  control  on 
many  of  the  PRO  drops  in  Thailand.  This  was  the  greatest  single 
cause  of  failure.  Lines  and  risers  should  not  bo  free  until 
required . 

b.  Measure  the  load  ilistribution  on  the  six  lines  used  in  the 
parachute  mode  to  ascertain  if  line  breakare  is  caused  by  uneven 
shock  load  distribution  or  insufficient  line  strength,  and 

take  remedial  action  accordingly. 

£.  Commence  a  program  to  make  the  homing  mode  reliable.  (It  is 
understood  that  this  is  presently  underway).  Without  homing, 
the  PIX',  would  riot  he  a  useful  operational  doll  very  system. 

d.  Whenever  jxissibl  e,  components  should  be  marie  as  light  in 
weight  as  possible,  e.g.,  air  bott.lo,  control  box. 

e.  Thought  should  he  given  t.o  use  of  n  drogue  chute  or  other  means 
to  slow  down  the  PiX;  prior  to  glider  wing  deployment.  It  is 
recognized  that  this  will  raise  the  minimum  drop  altitude  for 
the  PX),  but  this  is  not  significant  since  the  advantages  of 
the  vehicle  are  in  dropping  it.  at  a  high  enough  minimum  altitude 
to  give  maneuvering  room. 

f .  PDG  wings  and  cargo  box  should  be  painted  a  high  visibility  color 
for  operation  in  Jungle  and  mountainous  areas.  The  advantages 


IS 

Rained  in  retrieval  would  mors  than  off3et  any  advantage  an 
enemy  might  have  by  being  able  to  detect  the  wing  in  flight 
more  easily. 

Cargo  box  straps  should  be  fitted  with  nuick  release  fittings 
for  instant  accessibility  of  the  cargo  upon  landing,  .vhen  used 
operations!  lv,  thought  might,  he  given  t,o  packing  the  cargo  in 
individual  lt0  lb  loads  in  disposable  canvas  containers,  possibly 
with  two  arm  loops  attached  so  it  could  be  easily  carried  on 
the  shoulders . 

h.  Meta]  fittings  on  the  risers  should  be  reduced  in  size  and  made 
flush  with  the  side  of  the  riser  strap.  The  present  heavy  metal 
fitting  catches  free  loops  of  line  in  deployment  causing  entangle¬ 
ment  and  distortion  of  the  glider  wing, 

i.  Design  a  better  "guide"  for  winding  control  line  on  the  worm  gear. 
Present  system  allows  winding  in  single  or  multiple  layers  of 
lino  causing  uneven  control  response. 

j.  The  wing  must,  be  made  more  rugged.  Possibly  some  form  of  "inner 
tube"  construction  with  a  self -sen!  ing  capibil ity  could  be 
designed.  Present,  bonding  technique  is  time  consuming  and  an 
improved  cement  is  needed  which  requires  less  drying  time. 

k.  Color  code  fittings  and  control  lines  to  prevent  mismatching 
and  resultant  malfunction,  i.e.,  control  .reversal,  etc. 

l.  Consideration  should  bo  given  to  designing  a  pod  for  the  PDG 

no  that  it.  can  be  carried  externally  under  the  wing  of  an  aircraft 


and  released. 


B-  Consideration  should  be  given  to  possible  water  landings  or  use 
during  heavy  rainstorms.  Components  should  be  made  as  moisture 
proof  and  corrosion  resistant  as  possible. 

n.  Deployment  parameters  should  be  increased.  Drops  should  be 
possible  from  higlier  airspeeds  and  higher  altitudes.  Use  of 
a  drogue  chute,  as  mentioned  above,  would  permit  this. 

o.  An  effort  should  be  made  to  reduce  the  unit  cost  per  PDG. 


if)  lauBirur 


iwumnfttn  iwnn  itutu  jeinJnBfiwialijlfitjmwO'j 

J  ^  I  ^  f  I  ^  |  l» 

•  .  nniBanuinmnuaDUJiJuasanuunlu'Avuj 

vi ifiiB'Jifninh'3  iHu^nmmru mlr. inmrummi 

liafiii'lwanu  wiinranijimltj  w^jrifiBrnmiirmnQ'j 
vb.  nniiftnniittaiiiimnylinaiinanuua'lu'}  b 

^  */  M  I  ^  ^  «  I  I  |»  *  I  \  * 

iTrcr»rlntti/njutm 

ttimtm  iinUi  iwaj^ire  wwm i uni « iau 


20 


«.  mnnlvi inttmwpj,'jrai imtu jaium'umutifmij'jiiii  ml  ini mla-nn^mi 

8/  I  1^  «* 

utn  i  n  i  tm  tranl  jjy  ii  i s  1  inni 


c. 


*  ^  V  I  ^  1/  •  ^ 

hquiJt Tijunvun  iun  mi  inpi&nrifnri  miPi^umj 


,  *  ^ 


•  t 


* 

uu 

i  i 


(.  nojiliiJfinuvTtih’J? iftwm^^svh'lvri'i3f\fi?t!^Hfi imB'j jfiunmmsn'i'i iiKi 
jiJiMB>jifnniu?nn'i  cnvi'il«fHuun’i):>ntlvumB'ntml?ijrus2'3i«jj^y  uriUB'miJtlfHihi 

*  *  1  ^  ^  J  ^  4  I  1/ 

ilfHrfnpfcj  nunsiJjrliJSiuijfj^iftT'a^ 

ifluih im  lJislusw^noj mil wuufimivfifm  in«naiJinWln$n  tuatr*  smia'ms titans 

V  If  I  |/l  1/ 

mfinn  j  oitoj  i  pit  in  j  susaissulutn  mfll  n  >nu  istal  n 

at.  murniJuun^'ati'jf’i'jiilnmianln'jnu irroUitnimn  i3n 

•Y  V  1  V  V  8./1  *•!  Y  v  4  X 

vsu  'lumflsw'Uifti^sflBsa'ijHwuTlmihiMuTviwfmaa:  *u  llaun  mivnas ^ ir.a marniy  sr 
ln>nu 

sulmisw 


i  •  v  e  _ 

<i.  Im:v!fifivjmtjsn!ijufn:5injnfunnfl'3utisij3ifiiji«jjtiniji!'i'3ria/niia  wusiH  mis  win 


•  v 


llmusnuiu'Uijjn'lMintJUfitu'}  wwiJawBUBtmiiin  intnnn  imrn'lvi  tnnm  irmrmtmns  innrm 
^  *4  ^  ^ 

i/  |/  i>  i  ^  j  i  ^1/  y  ^ 

«■•.  flftti'iwa/iuiNmjniJi)f)numi‘l«f!n‘)n5  : sinni i flusuiiQisufiajm i?enTB intnw?B 


Minijwvf'i,lvir»',ijn'duiifi4a-)nU'3ttil)nvnmj 


_  ^  j  ,4'1  _ 

•o.  nB'jyfn  imS'iJsuUitW'HU'ijmMni'ii!  uo^sMnuiiuUiSjuoVlwTinT'iflnn'JUBsun'j'lv 

•  hf  ^  ^  I  ^1  frr  ^ 

^jnjTYlnis^  ^nnjiJsun'jTiHr.ymit'ijnjnti  mijJii'nJsui'iwifn'nrB'JU'H'iii'iii'u 

J  \J  1  I  V  ^  I  »  J  V 

rmm3  i9u  i  YiQiJf)  -3  mA  ^  ufi«  c  vi 

J  1  1  u  17 

inmnnlnn'i'niiun  ism  MVWinriNMjniVijvi'W  titans 

*ta.  mjm'uanaBnuinjwuTnima'JiQUH'jnfil'j'lfifln  lMtimJanssn'ln 

*•  J  ’  *'*i'  t's 

*m.  Miini jansenum/la in mjns^lsuimslsmumsduwwynln  timlisnmimj 

nhlwiJt^iranininmasfmrtujjn'jijn'ivf'iln 


4  „v  J  '  S' 


•*.  Ififi'imrtsVainJd'ji 

1/  V  l/l  V  _ 

inn»jln  m'lunin'iuntmri'ilnn'jnin^ 


4  X  -V  MM  4 

Bulin‘3  J iiinnii'U  n*5  jIHt'iJI  UaMMAYttl  l  T'jli'irriliSSriJSuS  j-5 


^  I 

*e.  fi'ijmvnN'annn'unifl'jjauao 


FLIGHT  OPERATIONS  SUMMARY 


FLIGHT  OPERATIONS  SUMMARY  -  THAI  UNGUAGK 


FLIGHT  OPERATIONS  SUMMARY 


■ml 

cn 

•n 


rJi 

C 

t5 


1 


B: 


S  i  . 

y  t*  « 


u  u 
o  * 

'•*-  m 

■w 

3 

j0 

*a 

M 

x: 

c  M 

•H  •. 

o 

*•  V 

Q 

«  -i 

CL, 

0 

r* 

l< 

TJ 

0 

0 

O 

c 

%  £ 
<  C 

0 

fC 

*  D 

4-J 

f; 

o 

rt 

a 

■T< 

0 

U  4- 
■rM  r* 

r 

0 

r* 

r* 

> 

0 

r4 

r* 

o 

0 

~  - 
a.  = 

c 

0  o 


ti  s 


o  - 
C  « 


rt 

0  o 


:■  u 
u  c. 
O  CL 
■/>  rt 


* 

“XI 

tn 

*~". 

V 

u 

u 

3 

u 

>« 

> 

>~ 

> 

p  t 

> 

— > 

<J 

o 

o 

c 

a 

c\) 

o 

o 

— 

o 

c 

•—4 

« 

rn 

«— • 

w 

*— ♦ 

| 

I 

4<  > 

o 

o 

o 

o 

\n 

o 

o 

o 

o 

o 

o 

o 

o 

ir 

o 

6 

m 

rf* 

»f* 

r- 

in 

■o 

5T: 

i/ 

o 

< 

M 

O 

m 

o 

»A 

■o 

vT 

in 

i 

c 

o 

f'* 

oo 

Z 


o 

o 

lT. 


O 

o 

o 


in 

co 


<\)  lO 


O 

o 

c 


a?  n 


Z 


o 

If. 


•n 

cc 


c 

o 


o 

o 

o 

tr> 


ZSj 

u 


cC 

U 


w 


in 

<  4 


in 


M 


in 


U"\ 


'VJ 


in 


'vj 


c 

*Vj 


"3 


< 


O 

O 


O 

in 


o 

in 


o 

o 


o 


o 


I 


3 

U 


S-. 


c 

U 


o 

0 


n  a 

•J  U 


U 


r« 

D 


0| 


Z 


cr 

AJ 

I 

*n 


» 

nrv 


m 

t 


^  j 


O 


rSJ 

i 


-25  C  l 7  9000  200  7b  9000  I  Sf;0  N  Joint  failure  in  glider 

nose  ,  loss  of  air  at  about 
4000’,  water  impact. 
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